Abstract-The performance of photovoltaic (PV) system is affected by temperature, solar insolation, solar panel configuration and shading. In order to succeed maximum efficiency, PV arrays should operate at their maximum power point (MPP). Hence, the MPP tracking (MPPT) unit is implemented among the PV energy conversion system to obtain maximum power. In this study, incremental conductance (IC) algorithm, the most commonly used algorithm in MPPT systems for expectation-maximization, was analysed and an approach towards eliminating ripple problems, improving speed to obtain more power value, were maintained and duty cycle (Dk) value was obtained from IC algorithm under changing PV panel radiation conditions. In the end, it was evaluated alongside with MATLAB simulation results.
I. INTRODUCTION
Recently, studies about PVs have focused on minimizing the costs and maximizing the conversion efficiency. In MPP, PV arrays generate the electric energy at maximum efficiency and minimum losses. PV cells have variable current and voltage characteristics and maximum power point depends on solar irradiations and environment temperature. Because of that a maximum power tracking control should be made rapidly in varied temperature and solar insolation conditions. Maximum power point trackers (MPPT) are improved to catch maximum power level in different atmospherically conditions [1] . So as to maximize the conversion efficiency and captured energy from solar arrays, the PV system should be operated at its maximum power point [2] .
Although PV systems continue to occupy an important position in electrical power technology, they have disadvantages such as high cost and low conversion efficiency. This is largely because of the fact that output voltage and current values vary in a nonlinear way depending on solar radiation intensity, operating temperature and load current. In this context, a converter based on power electronics was needed so as to track variable voltage and current among panel and load. In Fig. 1 , I-V and P-V characteristics of a solar module in the simulations are showed. Manuscript This is largely because of the fact that output voltage and current values vary in a nonlinear way depending on solar radiation intensity, operating temperature and load current. In this context, a converter based on power electronics was needed so as to track variable voltage and current among panel and load. It is also important to track this intermediary block where DC/DC converters are used. The triggering frequency and range of switching Mosfet/IGBT in the converter have a significant part to obtain maximum power value.
The suitable converter type is a significant case for MPPT design. Buck, boost and buck -boost types are mostly preferred. Boost converters require more inductance than the buck converter type, to achieve the same ripple of inductor current. In these converter types, the effective current through inductor is much less than that of buck converters. But, Buck converters require larger and more expensive input capacitors than Boost type to even the discontinuous input current from solar array. Polarity of output voltage Buck/Boost type varies. Hence, several converter types have been tested, suggested in literature. In addition to well-known buck, boost and buck-boost types, second generation converters such as SEPIC [3] , [4] and CUK [5] , [6] are used in this field as well as isolated flyback and forward [7] type converters used when higher voltage conversion is required.
Furthermore, previous studies suggested various controlling methods for MPPT design. Fuzzy logic [8] digital signal processing (DSP) controllers [9] , field programmable gate array (FGPA) controllers [10] , [11] , parallel processing topology [12] are some of the important methods and controllers. In conventional PV, energy conversion systems consist of serial connected solar panel, DC/DC converter and battery (or DC load) as shown in Fig. 2 . In the literature, both converter design and MPPT algorithms have been studied and presented so far. To reach maximum power point faster, several algorithms such as Perturbation and Observation (P&O) [13] , [14] , incremental conductance [15] , look-up table [16] , [17] , current control loop [18] were proposed and applied.
This study focuses on an optimization of incremental conductance algorithm. The chief advantage of this method is that it doesn't necessitate high -complexity implementation‖ and that it requires less calculation parameters. The disadvantage being that it generates ripple when it reaches the maximum power point. Conventional IC algorithm is used with constant iteration step size, it decision-making speed increases in proportion to step size of error. But, higher error step size reduces the efficiency of MPPT. This difficulty causes the power losses and difficult the control actions. Therefore, some calculation procedures of conventional IC algorithm were modified.
II. PV SYSTEM

A. PV Cell Model
A photovoltaic cell is basically a PN semiconductor junction diode that converts energy. As the sun light drops on PV cells, photo-power acts like a forward diode on a large surface. The current expression emerging as a result of the sunlight hitting on the cell is given in 1.
In this expression, photo-current, saturation current, load resistance, series equivalent circuit resistance, parallel equivalent circuit resistance, terminal voltage and load current are denoted by I PH , I S , R L , R S , R SH , V and I, respectively. The equivalent circuit diagram for a solar cell is shown in Fig.  3 [19] . Solar cells have a current source that are connected with a parallel diode and resistance, to which is connected a serial resistance. PV panels are built through series or parallel connection of these solar cells. The relation between the voltage of solar battery cells and current switched on the load exposes I-V and P-V characteristics of the cell. These two characteristics give important clues as to which conditions are required in order for the power obtained from the panel to reach its maximum level.
Obtaining maximum power and reaching highest efficiency level in these panels is an importance research topic. Solar panels act like a current source while, from a certain point onward, they act like a voltage source. Current value that can be obtained from a solar panel is fixed even in case of a short circuit. This value is given along with the label of the panel. It is necessary to obtain maximum power from PV panels in any insolation condition. Maximum power point for PV systems varies depending on atmospheric conditions, which are ambient temperature and insolation amount. In general, PV solar panels reach their maximum power point at around 25°C. Two parallel connecting photovoltaic arrays are used in this study. PV panel has electrical parameters are given in Table I . Mosfet or IGBT is used as switching element. D (duty cycle), which describes relative conduction time, equals to switching element conduction time (t on ) divided by signal period which is the total conduction and cut-off time (T = T on + T off ).
on on on off
The conversion is performed in this converter as follows: While switching element (S) turn on, PV structure injects additional energy to inductance through driving current over inductance (L). Then, switching element is cut off and reverse current force in the inductance charges the capacity element over the diode. The relationship between output voltage and input voltage is as follows:
Boost structures are often preferred in stand-alone systems and when panel voltage is lower than battery voltage.
III. ESSENTIALS OF INCREMENTAL CONDUCTANCE ALGORITHM
This algorithm is also called hill climbing. The incremental conductance algorithm is derived from the PV array power together respect to voltage and setting the equal to zero. The algorithm is given by the following Eq. (5).
By accounting for the depended of the PV current on the voltage, it is possible to express such a condition as follows Eq. (6) [20] .
So that the validity of condition (5) is equivalent to follows Eq. (7).
Which means that left-hand side of Eq. (7) represents the opposite of the PV array's instantaneous conductance, as the right-hand side represents its incremental conductance.
As a consequence, the method requires the application of a repeated perturbation of the voltage value, until the next condition occurs Eq. (8) [21] . Equation (9a) is repeat of equation (7) for accordance, equation (9b) and (9c) are used to determine the direction where a perturbation must occur to move the operating point toward the MPP, and the perturbation is repeated until equation (9a) is pleased. When the maximum power point is reached, the MPPT go on to work at this point up to a change in current measured. This change in current will correlate to a change in irradiance on the array. The increment step decide how fast the MPP is tracked. Rapid tracking can be succeed with large increments however, the system may not work completely at the MPP and ripple around in place of it; because of that there is a trade-off. In the proposed algorithm, instead of fixed step coefficient used to increase or decrease duty cycle, ∆P, denoting amount of power change, is used in order to approach maximum power point in proportion to an increase or decrease. In other words, a parallel coefficient was provided for power change to faster identify maximum power point. In case of no power change, ∆P=0, no iteration was performed and oscillation was minimized. In addition, At MPP, dI/dV+I/V = 0 and no iteration is performed. Epsilon (Ɛ) is a number close to zero but it is not zero. This Ɛ value can generate ripple under the variable solar irradiation [23] . The ripple produces power loss. So, if absolute value of dI/dV+I/V is smaller or equal than Ɛ, the step of duty cycle will be reset (ΔP=0) which means that D(k)=D(k-1) and ripple around maximum power point is eliminated. The proposed algorithm is shown in Fig. 6 .
IV. PROPOSED INCREMENTAL CONDUCTANCE ALGORITHM
The algorithm shown in Fig. 6 was designed in order to prevent ripple emerging during attempts to identify maximum power point of the incremental conductance algorithm and to faster identify this point following significant power changes. In this approach, ΔP = P k -P k-1 denotes power change. When panel and DC converter duty cycle (Dk) is increased or decreased in accordance with this power change, it is found out in the simulation results that ripple is reduced and Dk at maximum power point is identified sooner. In case of no power change, ΔP = 0 or abs (dI/dV+I/V) ≤ Ɛ no iteration is performed. In this case, ripple around maximum power point under variable solar irradiation is eliminated and improving the algorithm.
When power change increases, iteration coefficient increases. Otherwise, iteration coefficient decreases. At left side of MPP, If Dk increases, power increase and if Dk decreases, power decreases too. Oppositely, at right side of MPP, when Dk increases, power will decrease and when Dk decreases, power will increase too. Therefore, when duty cycle is changed, if there is an increasing in power, changing on same way should be kept on (step which equal absolute value ∆P should be added). If there is a decreasing in power, changing should be continued on inverse way. (ΔP should be subtracted). If Dk is > D max or if Dk < D min then D is to be equaled to D(k-1) (D max and D min are duty cycle limits of the DC/DC boost converter). In Fig. (7) , MPPT block structure where simulation is performed is shown. MPPT is a power tracking system that enables to obtain maximum power from PV panels. In MPPT block, DC/DC converter is controlled by IC algorithm through producing duty cycle. As a result of this, the maximum power level from PV panel is reached.
V. COMPARISON OF CONVENTIONAL AND PROPOSED INCREMENTAL CONDUCTANCE ALGORITHM
In simulations, two cases are applied to compare to both algorithms. In the first case, outputs of PV panels are considered when insolation decreases. In the second one, same parameters are also tested when insolation increases or decreases. Case 1: Results obtained from the modelling in Matlab/Simulink are presented in this case. Solar irradiation is around 1000 W/m 2 at starting point. Irradiation is decreased to about 980 W/m 2 linearly until 0.5 th seconds. In this case, a linear decrease was observed in the system which is exposed to a radiation rate of about 1000 W/m 2 for 0.5 seconds and the radiation decreased to nearly 980 W/m 2 . In view of this change, which can be considered as fast, classical method and response of identical systems operated by modified method were compared. Power and current responses are compared in Fig. 8 and Fig. 9 . Case 2 Results obtained from the modelling in Matlab/Simulink are presented in this case. Solar irradiation is about 950 W/m 2 at starting point, it is increased to about 1250 W/m 2 , it is decreased about 950 W/m 2 and it is increased nearly 1000 W/m 2 linearly until 3th seconds. In view of this changes, which can be considered as fast, conventional algorithm and response of identical systems operated by modified method were compared similar to Case I. Power and current, responses are compared in Fig. 10 and Fig. 11 . In Fig. 10 , it is demonstrated that in highly changing solar irradiance conditions and in shorter time intervals, the modified algorithm produces a higher value of power and less oscillation under the changing conditions. According to Table II ∆ mean = 7.83 kW and when the differences between output powers are considered, the rate in the lowest irradiation case is 7 kW while in the highest case there is a difference of 10 kW. It can be seen from the results of two cases, that modified IC algorithm reaches to less time maximum power point than conventional IC algorithm in this process. In addition, modified IC algorithm produces less ripple than conventional IC algorithm under rapidly changing solar insolation conditions. However, in conventional IC algorithm, both ripples occur and maximum power point is attained slightly later. Particularly, as shown in Fig. 8 and Fig. 10 power ripples are to continue for a specific period of time. These ripples affect total efficiency of the system negatively, too. Losses may be encountered due to changing parameters as a result of ripples.
As these results suggest, the modified IC algorithm has a good advantage with regards to ripple and improving performance in the conventional IC algorithm. Ripple around MPP is great difficulty of the conventional IC algorithm and this proposed method arranges this problem and improving efficiency with under this conditions.
VI. CONCLUSIONS
PV systems have a low efficiency in general. System efficiency involves many equipment and parameters in the system. Efficiency of a single solar cell may differ from that of the panels comprising of these cells. Problems during installation negatively affect panel efficiency. There are also other factors such as panel angle, obstruction from high buildings or cloudy weather conditions which cause total or partial shadowing and thus decrease total efficiency. In addition, software and hardware problems in MPPT decrease efficiency. Switching losses in converter circuit may have negative influence on total efficiency. Slow response rate of the algorithm and, as stated in this study, occurrence of ripples are also important problems under changing solar insolation conditions. These factors force us to improve the algorithm.
This study focuses on improving algorithm and eliminating ripple problems, and rapidly reaching more power value than conventional IC algorithm in PV systems. Especially, when variability increases as a result of factors such as partial shadowing and cloudy weather, these ripples badly affect the performance of the system. In order to increase the efficiency of system, it is suggested that the algorithm should be improved accordingly. It is also possible to suggest that changes in the algorithm will bring out no difficulties in terms of hardware, which makes it suitable for experimental purposes. An improved IC algorithm is used to modulate the duty cycle of the boost DC/DC converter, and thus, the tracking speed increased. It is concluded that the proposed algorithm shows better performance than conventional IC algorithm under changing conditions and it reduces the power losses.
